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AERODYNAMIC DESIGN OPTIMIZATION WITH SENSITIVITY 
ANALYSIS AND COMPUTATIONAL FLUID DYNAMICS 


4 


r- 




O <N 

n > 

0 '0 CO 

CQ S-2 


o a 
^§j '5b 

O o> 

Q.* 


z 


C 

%-* 

o 

S 

TO 

O 

u 


coo 


o 

•0 

4— » 

0 

o 

Tt- 

On 

ON 


CO 

s 

o 

4—4 

o 

ON 

ON 


o 


to 

3 


<u 

X 

o 

4— » 

a 

o 


g 

<4-4 

T3 

<D 


c/3 

03 

£ 

a 

.2 
*+- * 
03 
bO 


CO 

<D 

> 

a 

a 

< 


<D pL 

a, MH 


03 

X 

CO 

X 


O 

o 

Oh 

CO 

<D 

S-H 

O 


• 3 


a 5 


S' 3 


a 

3 

04 

o 

> 

<D 

'TO 


13 

0 

.2 

03 

4-W 

0 

CU 

3 

o 

U 

X 


< 

O 


C/3 

0 

.SP 

c/3 

<D 

T3 

<D 

X 


<D 
> 
o 

& & 

g .§ 

"g 5 
o 
o 


C/3 

2 

‘5b 

o 

’o 

TO 

O 

X 

4 — » 
CD 


0 

<L> 

> 

<D 

C/3 

TO 

<U 

O 

0 

TO 

O 

Wh 

04 


TO 

D 


CD 

X 

H 


<3 < 

3 1/3 
x ^ 


o 

W) 

13 

c 

.2 

03 

SI 


04 

o 

bA 

0 


<D 


0 

a 

0 


c/3 

0 

<D 

C/3 


Po 

X 

C/3 

<D 

<4-1 

J-i 

0 

C/3 


0 

0 

bo 

TO 

o 

(L) 

0 


X 


£ 

a 

<D 


0 

<D 
<D 

>o -o 


<D 

> 

0 

X 

X 

o 

X 

£ 

c/f 

<D 

C/3 

0 

O 

4—* 

04 

<D 

O 

0 

O 

o 


X uL 


0 

1 


c .2 a 

0 
o 
o 


e § 


o 

jaO 

13 

/»— N 

Q 

Uh 

u 

** — 4 

C/3 

o 

6 

0 

0 

bo 

Q 


C/3 

2 

‘5b 

JO 

o 

TO 

o 

X 

o 

3 

bO 

0 


O 

W- 

04 


2 

0 

4—) 

0 

J-, 

<D 


0 

<D 

04 

o 


TO 

<D 

> 

*s 

O 

o 

»■* 

C/3 

0 

X 

C/3 

<D 

'5b 

jo 

o 

TO 

o 

X 

4—4 

<D 

3 

0 

.2 

4—4 

0 

N 


04 

o 


= <D 

1 1 


(N 

on 

on 


c 

o 


3 

X 


o 

o 

aj 

> 


0 < 

bJO 


c/3 

<U 

TO 

TO 

<D 

0 

O 

H 

<D 

> 

<D 

TO 

<D 

X 


<D 

0 

O 


C 

c3 

O 


1 I 


<D 

> 


tXj 

c 


-a 

t-l 

.O 


< c 

Z o 

0 ° 

s £ 

o ho 

,U 4-1 


0 

o 

• 

*** 

‘3 

bo 

O 

O 

<3 

O 

f£> 

o 


C/3 

0 

X 

e 

.o 

q 

cj 


e 0 

.SP S 

on C3 


o 

<D 

X 

o 

T3 

«D 

C 


0 

^3 

0 

6 

C/3 


S < 


03 

03 

e 

03 

u 

X 

Vi 

a 

x 

x 

o 


CO 

ON 

ON 


S 

03 

t- 

&D 

O 


>» 

60 

o 


0 ) 

03 

0 


0> O 

'S S 

o < 

0 on 

s < 

£ ^ 

0 <0 

O o 

13 
> 

0 > 

T3 
<D 
> 

03 
<D 

i— i 

O 
0 ) 

X 


c 

D 

£ 

u 

o 

c 

c3 

> 

TD 

03 

<U 

X 


X3 

O 

X 

o 


0 

.SP 

*c3 

D 

TO 


TO 

a-» 


0 

(D 

<D 

X 


X 


<D 

‘E 

<u 

> 

o 

<+H 

.2 

*0 

X 


<D 

> 

0 


0 

O 


.3 

*3 

2 

Oh 

U4 

<D 


0 
»— H 

*0 

> 

0 

I 

'0 ^ 
aJ 0 

TO 


<D 

X 

4—4 

v-T 

<u 

> 

<D 

O 

ffi 


„ N 


o 

‘04 

o 


<L> 

X 

4-4 

Ui 

TO 

0 

0 

O 

Uh 

b0 

X 

o 

0 

X 

0 


&00 


0 

D 

> 

'5b 


00 

oo 


a 

< 


W) 


0 

0 

T3 

Ui 

O 

04 

04 

0 

C/3 

X 

o 

c3 

<D 
c n 

2 


C/3 

D 

bU 

0 

04 

l“H 

(U 

> 

o 

u 

>> 

X 

TO 

3 

0 

C/3 

TO 

0 

0 

rn 

oCo 

.3 

TO 

D 


C/3 

0 

.2 

*x 

0 

.2 

x 

0 

04 

^0 

a 

C 

X 

o 

£ 

<D 

X 


.2 

a> 

o 

n 

oOo 


Aerodynamic design of an aircraft or its components may be performed by one of 
several approaches. Computationally, however, the approaches are either done by an 
inverse method or a direct method. Although each has its own merits, the direct numerical 



optimization methods enjoy the advantage of working towards an easily identifiable 
objective without the need to specify any target designs or shapes. Specifying such targets 
requires a database, which may not always be available, particularly, for complex 
configurations with aerodynamically interfering components. 
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solving the unfactored CFD equation by a quasi-Newton's method. In an effort to isolate 
the effects of such algorithmic improvements, a separate computer code was developed. 



Along with the shape optimization studies, a multi-stage, wing-shape optimization 
method was developed and demonstrated for a transport wing . 17 The method first designs 
the planform of a wing, then shapes its sections for the twist and camber. 



a grant of a research project conducted by an academic team, NAG-1- 1 188 has also provi< 
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